Background: Advances in Percutaneous Coronary Intervention (PCI) techniques have improved patient outcome. However, occurrence of myonecrosis after elective PCI has been extensively debated.
Introduction

ROUTINE Percutaneous Coronary Intervention
(PCI) appears to be a relatively safe catheterization procedure. Along with technological progress in coronary intervention, post-procedural complications and adverse outcomes have markedly decreased, yet peri-procedural myocardial injury, manifested as myocardial stunning or infarction, is a frequent complication during PCI and is strongly associated with post-procedural cardiovascular morbidity and mortality [1] .
According to the World Health Organization one of the criteria for definition of Myocardial Infarction (MI) is cardiac biomarker elevation [2] . It has been reported that post procedure creatinine-MB fraction (CPK-MB) elevation occurs approximately in 25% of patients and troponin I (TnI) level rising is observed at least in 50% of those undergoing PCI [3] . Several studies demonstrated that tissue Doppler imaging (TDI) parameters were capable of adding prognostic information to predict cardiac death in major cardiac diseases, such as heart failure [4] [5] [6] acute coronary syndrome [7, 8] acute myocardial infarction [9] , and hypertension [10] .
Elevated Left Ventricular (LV) filling pressure may be clinically silent. The early diastolic transmitral velocity/early mitral annular diastolic velocity ratio (E/E') has been proposed as the best single tissue Doppler predictor for evaluating LV filling 2219 2220 Left Ventricular Filling Pressure as a Useful Marker of Myocardial Injury Following Elective PCI pressure [11] and as a good predictor of cardiac death [12] .
We hypothesized that myocardial injury during elective PCI may result in changes in LV filling pressure which can be measured by E/E' ratio. In this study we investigated the value of E/E' ratio, in detecting the occurrence of peri-procedural myocardial injury in patients undergoing elective PCI.
Patients and Methods
Study population:
Between September 2017 and May 2018, 450 consecutive patients were referred to Catheterization laboratory of Cardiology Department, Tanta University Hospital, for elective PCI. A total of 62 patients with Coronary Artery Disease (CAD) met the inclusion criteria and were prospectively enrolled in the study. They were examined in a single centre (Cardiology Department, Tanat University, Egypt).
Inclusion criteria:
The study investigated clinically stable patients, with documented CAD and without AMI in the past 4 weeks who attempted to undergo elective PCI and had successful procedure and no prior PCI or CABG, have sinus rhythm and with LV ejection fraction >_50%.
Our investigation is following the principles outlined in the Declaration of Helsinki. The protocol was approved by the Local Research Ethics Committee of Tanta University, and each patient gave written informed consent.
Exclusion criteria:
Patients with one or more of the following criteria were excluded from the study: Failed PCI, patients with ejection fraction <50%, significant valvular dysfunction, history of heart failure, unstable conditions such as acute coronary syndrome, cardiogenic shock, and ventricular aneurysm; and patients with unsatisfactory echocardiograms or another systemic disease (renal failure or respiratory disease).
The patients were assessed a day prior to coronary angiography and a full clinical history was obtained, including information about cardiovascular risk factors [13, 14] and ongoing medications. All patients underwent transthoracic echocardiography and tissue Doppler imaging on the same day just before PCI, and within 24 hours after the procedure. Analysis of the echocardiographic data was performed while blinded to the results the hemodynamic data.
Echocardiographic measurements:
Standard imaging was performed in the left lateral decubitus position using a commercially available system, Vivid 5 ultrasound system (GE Vingmed Ultrasound AS, Horten, Norway). Images were obtained using a 2.5-3.5MHz transducer in the parasternal and apical views. Left Ventricular (LV) End-Diastolic (EDD) and End-Systolic (ESD) diameters were determined with M-mode echocardiography under two-dimensional guidance in the parasternal long axis view, according to the recommendations of the American Society of Echocardiography [15] . LV Ejection Fraction (EF%), was calculated from apical four-chamber views, according to the modified Simpson's rule. Pulsed-Wave (PW) Doppler was performed in the apical 4chamber view to obtain mitral inflow indices to assess LV filling according to the recommendations of the American Society of Echocardiography [15] . Measurements of mitral inflow include the peak early filling (E-wave) and late diastolic filling (Awave) velocities, the E/A ratio, Deceleration Time (DT) of early filling velocity and the Isovolumic Relaxation Time (IVRT), derived by placing the cursor of CW Doppler in the LV outflow tract to simultaneously display the end of aortic ejection and the onset of mitral inflow. The Left Atrial Volume Index (LAVI) was estimated from the apical 4-and 2-chamber views by the area length method [16] [17] [18] .
Tissue Doppler measurements:
Tissue Doppler (TD) of the mitral annulus was obtained from the apical 4-chamber view after filters was set to exclude high-frequency signals. A 5-mm sample volume was placed sequentially at the lateral and medial mitral annulus. The resulting velocities were recorded for three consecutive cardiac cycles at a sweep speed of 50mm/s. The following measurements were made from the recordings: Peak systolic velocity (S'), early (E') and late (A') diastolic velocities. Analysis was performed for the E' and A' velocities as the average of the medial and lateral annulus. The E/E' ratio was used to estimate LV filling pressures [19] .
Regional Wall Motion Abnormality (RWMA): LV regional function was evaluated using the standard 16-segment model as suggested by the American Society of Echocardiography and wall motion was scored as normal=1, hypokinetic=2, akinetic=3, or dyskinetic=4. WMSI= E Score of Doppler and echocardiographic studies were repeated, within 24 hours after PCI and before patient, is discharged. All echocardiographic measurements were obtained by one investigator who is blind to the cardiac markers levels and to other clinical parameters.
Percutaneous coronary intervention procedure:
The indication for PCI was based on the American College of Cardiology/American Heart Association recommendations and was performed by experienced interventional cardiologists. All patients were in sinus rhythm during left heart catheterization which was performed through the femoral artery.
A patient was considered to have CAD when a stenosed lesion resulting in a 50% or greater reduction in lumen diameter existed in at least one of the coronary arteries. The severity of CAD was evaluated by number of diseased vessels, diseased lesions, treated vessels and implanted stents were recorded by observers who were blinded to the results of laboratory testing and study grouping [20] . Prior to PCI, all patients received adequate loading doses of clopidogrel (600mg) or ticagrelol (180mg) and 70IU/kg intravenous bolus of unfractionated heparin. Glycoprotein IIb/IIIa inhibitors were administered (intra-coronary) or after the procedure according to the operator preference. The PCI procedure was performed via the femoral route.
Interventional techniques and further treatment during PCI were chosen at the operators' discretion and according to current standards. Multi-vessel PCI was defined as more than one target vessel PCI at this procedure [20] .
Stents were implanted according to current clinical practice. Angiographic success was defined as a final angiographic residual stenosis of <20% by visual estimation [20] . Procedural success was considered in cases of angiographic success and absence of any in-hospital major complications (acute myocardial infarction, need for bypass surgery or repeat PCI, or death) [22] . Angiographic measurements were performed with an automated computer-based system (Philips Allura FD10/10 Biplane X-ray system) [22] . Aspirin (75mg/day), and clopidogrel (75mg/day) or ticagrelol (90mg bid) and statin were prescribed to all patients after procedure.
The occurrence of angiographic complications during PCI was recorded. Angiographic complica-tions included: Minor/major side branch compromise or occlusions; abrupt intra-procedural vessel closure; major or minor arterial dissection; thrombus formation; transient and/or prolonged slowno reflow; distal embolization [22] .
Diagnosis of myocardial injury:
Periprocedural myocardial injury was defined as post-procedural cTnI >1x Upper Limit of Normal (ULN) [21, 22] . The diagnosis of a peri-procedural myocardial infarction is based on either the development of new pathological Q waves in at least two contiguous ECG leads or an elevation of CK-MB > five times the Upper Limit of Normal (ULN) or cTnI >3x ULN [21, 22] .
Cardiac troponin I (cTnI) levels were determined in venous blood samples within 24 hours (10-20h) after PCI, and in the event of the occurrence of symptoms or signs suggestive of myocardial ischemia. cTnI was analyzed by an immunechemiluminometric assay (Access AccuTnI, Beckman Coulter, CA). The ULN was defined as the 99th percentile of normal population with a total imprecision of <10%. The ULN of this test was 0.09ng/mL [21] . The peak value of cTnI within 24 hours was used for statistical analysis.
Statistical analysis:
Values were presented as means ± SD or as numbers and proportions, as appropriate. The relations between qualitative variables were evaluated by Chi-square test or Fisher's exact test, as indicated. Means were compared with student's test the significance of paired data was evaluated by the paired student's test. ROC analysis was performed to select cut-off values with suitable sensitivity and specificity to detect myocardial injury. Variables that were statistically significant in univariate analysis were introduced in a logistic regression model to detect independent predictors of myocardial injury as indicate by Troponin >0.1. All tests were bilateral and a p-value of 5% was the limit of statistical significance. Analysis was performed by statistical package software IBM-SPSS for MAC, Version 24.
Results
A total of 62 consecutive patients were enrolled in this prospective observational study. Patients who were sent for elective PCI and met the inclusion criteria and with complete angiographic and laboratory data were consecutively included in the analysis without any pre-selection. 
Demographic characteristics:
The baseline demographics and clinical characteristics of all participants are presented in (Table  3 ). The cohort consisted of 44 (70.1%) males and 18 (19.9%) females with mean age 56.7 ± 9.7 (ranged from 40 to 72) years. Six (9.8%) patients are young adult (below 45 years of age). All patients were electively referred for PCI.
Regarding patient presentations: 17 (27.4%) patients had chronic stable angina, 29 (46.8%) had unstable angina, 12 (19.4%) had history of prior ST-Elevation Myocardial Infarction (STEMI) and 4 (6.5%) had history of Non ST-Elevation Myocardial Infarction (NSTEMI). According to patient functional status, 27(43.5%) were NYHA II, 10 (16.1%) were NYHA class III while the remaining 25 (40.3%) were asymptomatic.
Patient risk profile:
In studied patients, 26 (41.9%) were diabetic type II, 31 (50%) were hypertensive, 39 (62.9%) were smokers, 33 (53.2%) had dyslipidemia and 31 (50%) were obese. 3 (4.1%) had no risk factors for CAD, 10(16.1%) had a single risk factor, 17 (27.4%) had two risk factors, 14 (22.6) had 3 risk factors, and 16 (25.8%) had 4 risk factors for CAD. Only 2 patients (3.2%) had five risk factors for CAD to be known before PCI. Echocardiographic findings in PCI group: Initial echocardiograms were obtained 2.3 ±0.4 hour after admission and before cardiac catheterization. Repeated measurements were obtained 4-6 hours after the procedure. Two Dimensional (2D) echo-Doppler variables in PCI patients before and after the procedure are presented in (Table 2) . No significant differences between LV wall thickness, LV dimensions or EF%, FS%, Left Atrium (LA) diameter or LA volume index before and after PCI. However, E mitral flow velocity and E/A ratio showed significant increase after PCI procedure (p<.0001, .007) respectively.
Before PCI, 30 (48.4%) patients had RWMA with WMSI ranged between 1-1.77 and mean value: 1.127±0.12. However, no significant changes were observed after PCI.
S' was significantly increased after PCI ( p <0.05). In contrast, there was no significant change in E' or A' velocities after PCI. Before PCI E/E' was ranged from 4.2 to 17.5 and mean value was 8.6±2.9. It showed significant reduction after PCI (7.90±3.2) (p<.01) Figs. (1,2). After PCI, CK-MB was elevated to diagnostic level (37.8 ± 19%) of myocardial injury in 47 (75.8%) while cTnI was elevated (1.69 ±3.58) to diagnostic level in 39 (62.9%). In the current study we considered only the 39 (62%) patients with cTnI >1xULN in statistical analysis as the patient group with myocardial injury. 
Correlation of E/E' to clinical and laboratory data:
On analyzing the relationship of E/E', before and after PCI and the magnitude of change (A), we demonstrated that E/E' before and after PCI was directly correlated to CK-MB and cTn & NYHA class (p<0.0001). E/E' before PCI was correlated to number of vessels diseased ( p<0.05) and number of risk factors (p<0.001), meanwhile E/E' after PCI and A change were directly correlated to number of vessel treated (p<0.001) and inversely related to LV EF% (p<.001, <.002) respectively ( PCI patients were categorized according to cTnI levels into: Patients with myocardial injury (n=39) and no myocardial injury (n=23).
Patients with myocardial injury showed more prevalence of abnormal ECG ( p<0.004), more RWMA (p<0.003) and higher incidence of LAD disease (p<0.03) Fig. (7) .
Regarding clinical and echocardiographic variables before PCI, patients with myocardial injury where older in age (p<0.03) had lower heart rate (p<0.02), lower EF% (p<0.03), FS% (p<0.003) and higher WMSI (p<0.02), and larger number of vessels treated (p<0.0001) ( Table 6 ). However, no significant difference was observed between E/E' measured before PCI when patients had myocardial injury was compared to those without evidence of myocardial injury, Fig. (8) . In contrast, after PCI there was no significant difference between patients with evidence of myocardial injury and those without myocardial injury in any of the echocardiographic variables except the value of E/E' ratio. Patients with myocardial injury had significantly higher E/E' compared to non-injury group (8.77±3.6 versus 6.45 ± 1.5, p <0.005) respectively (Table 6) , Fig. (9) . 
Roc curve for E/E' to diagnose myocardial injury after PCI:
To explore the value provided by E/E' post PCI in patients with CAD after treated electively to diagnose myocardial injury; we constructed ROC curves according to the cut-off value of cTn ≥0.1 ng/ml. A value of 6.55 or higher for E/E' ratio has 66.7% sensitivity and 52.2% specificity to detect myocardial injury as indicated by Troponin ≥0.1 units. The area under the ROC curve was 0.692 and confidence interval from 0.593 to 0.822 (p <0.01) Fig. (10) . 
Multivariate logistic regression analysis:
The variables which showed significant difference in comparing patients with myocardial injury versus those with no evidence of myocardial injury were introduced into multivariate regression analysis. These variables are shown in ( CI: 1.137-3.265, p<.01] were independent predictors for myocardial injury in patients sent for elective PCI (Table 7) . 
Discussion
In the current study TDI-derived estimations of left ventricular diastolic filling pressure (E/E') obtained with transthroacic echocardiography after elective PCI notably predicted incident periprocedural myocardial injury. E/E' showed a strong relationship with cardiac enzymes after PCI, and their values in addition to the number of vessels treated during PCI were the only variables that predict myocardial injury.
Research into the pathology of CAD have demonstrated the usefulness of measuring concentrations of biomarkers released from the injured cardiac muscle and that they can aid the diagnosis of diseases caused by myocardial ischemia. Since the mid-1950s, successively better biochemical markers have been described in research publications and applied for the clinical diagnosis of acute ischemic myocardial injury [23] .
After the discovery that cardiac troponins I and T have the desired specificity in diagnosing myocardial injury and infarction,they have replaced the cytosolic enzymes in the role of diagnosing myocardial ischemia and infarction. The use of the troponins provided new knowledge that led to revision and redefinition of ischemic myocardial injury as well as the introduction of biochemicals for estimation of the probability of future ischemic myocardial events. These markers, known as cardiac risk markers, evolved from the diagnostic markers such as CK-MB or troponins, but markers of inflammation also belong to these groups of diagnostic chemicals.
Percutaneous Coronary Intervention (PCI) is frequently accompanied by cardiac marker elevation after the procedure (also known as periprocedural myocardial injury), especially with the use of high-sensitivity troponin [23, 24] . A large body of data demonstrated that postprocedural troponin elevation was associated with a worse clinical outcome [25, 26] .
Recently, several studies demonstrated the clinical efficacy of TDI echocardiographic examination of left ventricular longitudinal motion in various pathologic conditions such as acute myocardial infarction and non-valvular atrial fibrillation [27] . If TDI echocardiography offers additional information beyond the clinical judgment and baseline systolic function during the setting of cardiac intervention, it too could be used to identify potential at-risk patients during PCI, and thus, may be a very useful non-invasive bedside tool for patient monitoring.
The ratio of trans mitral E wave velocity to TDI measured mitral annular velocity (E/E') relates early transmitral left ventricular filling to myocardial relaxation and is used to estimate mean left atrial pressure, [28] which may be elevated in various cardiac pathologies, and specifically in advanced diastolic dysfunction. Although E' and E/E' measurements alone are not diagnostic of diastolic dysfunction per se, they aid in the assess-2228 Left Ventricular Filling Pressure as a Useful Marker of Myocardial Injury Following Elective PCI ment of its severity when combined with other measurements [29] . Both E' and E/E' are related to the intrinsic pathophysiology of diastolic dysfunction; specifically, reduced myocardial relaxation and elevated LV filling pressures are reflective of physiologic derangements that may indicate more advanced diastolic heart disease.
In the estimation of elevated LV diastolic pressure, E/E' values >15 represent elevated LV filling pressure, and <8 reflect normal filling pressure [28] . Unlike conventional mitral and pulmonary venous flow velocity indices of LV filling pressures (e.g., a short mitral deceleration time (<140ms) and/or an increased E/A ratio (>2.5), the accuracy of E/E' in estimating LV filling pressures is relatively independent of rate and rhythm abnormalities (such as sinus tachycardia and atrial fibrillation), LV hypertrophy, and functional mitral regurgitation [30] .
However, there are several caveats to TDI measurements that warrant mention. Importantly, patients with relatively normal hearts with higher baseline tissue Doppler velocities will have more preload dependence compared to patients with marked impairment in myocardial relaxation [31, 32] . Age influences TDI values as well; E' decreases in a linear fashion with increasing age, and thus E/E' increases with age [33, 34] . Although E' is used to relate to global indices of LV relaxation, it is a regional index. Errors can, therefore, occur in patients with regional wall motion abnormalities at the Doppler sampling site, unless an average of two sites is provided. Another important consideration when using TDI is the position of the sample area within the wall. Diastolic velocities measured in the lateral wall are higher than velocities measured in the septum, as the septum is tethered to the right ventricle and other structures in the middle of the heart [35] .
Up to our knowledge, no data exists about the association of LV filling pressure as estimated by E/E' with periprocedural myocardial infarctionor injury following elective PCI. The present study demonstrated a significant relationship between elevated E/E' and cardiac biomarkers, cTn and CK-MB, that accurately diagnose myocardial infarction and myocardial injury.
The value of E/E' showed significant reduction after the successful PCI procedure from 8.61 ± 2.88 to 7.90±3.2 which can be explained in our study by reduction of early mitral inflow velocity (E) and not due to improved myocardial relaxation (E'). The hemodynamic changes and drop of LV end diastolic pressure as reflected here by decreased E/E' after the procedure are the earlier changes to happen after revascularization and even before myocardial relaxation is improved. However, the patients who developed myocardial injury still had higher values of E/E' despite the successful procedure.
The peak rate of LV diastolic filling E is the first variable to decreasewith improved diastolic function after successful PCI but progressively increased in response to elevation in LA pressure when myocardial injury occurs. However, the peak E' wave takes time to increase with improvement ofmyocardial relaxation. Thus E' (but not E) accurately reflects the slow progressive improvement of LV relaxation as coronary perfusion improve after PCI [35, 36] .
Other interesting results in our study include the ability of E/E' to reflect small injury during the procedure. The values of E/E' after the procedure become correlated directly with cTn and CK-MB which is the corner stone in diagnosing myocardial injury or infarction. Furthermore, the patients who developed myocardial injury retained a higher E/E' (8.77 ±3.6) compared with patients who had no myocardial injury (6.5 ± 1.9). This is concordant with the findings of Groban et al., [37] who determined the predictive value of E/E' post operatively in predicting the in-hospital outcome after cardiac surgery. They elucidated the relationship of intra-operative E/E' to the use of inotropic support, duration of Mechanical Ventilation (MV), length of Intensive Care Unit stay (ICU-LOS) and total hospital stay (H-LOS) in 205 patients requiring cardiac surgery. They analyzed the relation between intraoperative E/E' or LVEF and early post-operative morbidity, hospital long stay [H-LOS, ICU-LOS and MV] and the probability that a patient would require inotropic support. They demonstrated that E/E' maintained a significant relationship between ICU-LOS and the use of inotropic support. The magnitude of this relationship was substantial; in particular, they found that those patients with moderately elevated (E/E' ≥ 8 and ≤ 15) and severely elevated (E/E' >15) tissue-Doppler derived filling pressures spent on average between 9 and 30h longer in the ICU than those with an E/E' ratio <8.
The higher values of E/E' in Groban et al., study (≥8) that predict early morbid events after cardiac surgery versus 6.66 in our study that predict myocardial injury could be explained by the more complex environment accompanying the cardiac surgery and more advanced myocardial diastolic dysfunction. In Gorban et al., study, 48% of the severely elevated E/E' group and 36% in the moderately elevated received postoperative inotropic support, were compared to only 11% of those with E/E' <8 [37] . Taken together, these findings suggest that the TDI-derived index of left ventricular diastolic filling pressure may provide additional prognostic information from that of baseline systolic function.
In the present study E/E' ratio showed direct correlation with NYHA functional class, the number of risk factors, the number of vessels diseased and the number of vessels treated. Moreover, patients with myocardial injury after PCI had higher E/E'.
In a cohort with dilated cardiomyopathy with similar systolic function, Galrinho et al., [38] found that patients with an elevated E/E', was more symptomatic and also E/E' was a powerful predictor of clinical outcome. Terzi et al., observed that E/E' was correlated with cardiopulmonary exercise capacity in patients with LV systolic dysfunction, and Index of the E/E' ratio was found to be the most powerful predictor of peak oxygen uptake [39] .
The value of the mitral annular TDI has been demonstrated in many pathological situations. Wang et al., showed the relationship of mitral annular velocity TDI parameters to mortality in patients with HF [40] . Saso et al.; determined prognostic value of the Tei index combining systolic and diastolic myocardial performance in patients with acute myocardial infarction treated by successful primary angioplasty [41] . Kim et al.; reported that early diastolic but not systolic annular velocity correlated well with exercise time in patients with chronic mitral regurgitation [42] . However, Witte et al., have recently reported that TDI mitral annular diastolic velocity correlated significantly with peak VO 2 , but the systolic indices (S') were very strongly correlated to exercise capacity [42] . In addition, they found a weaker correlation between peak oxygen consumption and LV diastolic inflow than in those studies previously reported.
Combining transmitral flow velocity with annular velocity has been reported to be an alternative method to correct the transmitral velocity for the influence of relaxation. The ratio of E/Ea was found to be correlated well with LV filling pressure. Consistent with previous studies, our results demonstrated that the E/E' ratio was increased in patients with myocardial injury compared with sub-jects without injury and this ratio tended to be higher in more severe damage. These results confirm the previous observation that the ratio of E/E' is strongly correlated with diastolic dysfunction in patients with coronary artery disease [43, 44] .
Study limitations:
There are several limitations in the present study. First, this was a small, prospective study of patients who were referred for elective PCI. However, the current group of patients was well selected after the exclusion of all criteria and confounders that may alter E/E' like EF% <50%, prior PCI or CABG or patients with significant mitral regurge. Second, inclusion of two categories of patients with prior history of ACS, in addition to those with chronic stable angina. But, this decision was made in an attempt to examine the utility of E/E' in our overall daily practice and real life patient presentation. Third, there was no direct measurement of LVEDP during the procedure and its relation to E/E'. However, evident myocardial injury may occur hours after PCI which makes direct measurement during the procedure inaccurate.
Conclusion:
The present study adds to the growing body of evidence indicating that E/E' is of clinical relevance in the percutaneous coronary intervention setting. The tissue-Doppler derived surrogate of diastolic filling pressure, E/E', obtained by transthoracic may be a useful indicator for predicting early myocardial injury and possible occurrence of morbid events after PCI that may even change the beneficial effect of coronary re-canalization.
E/E' correlated well with cardiac troponin in catheterization laboratory and could be used as a simple non-invasive bedside test for patient risk stratification after successful PCI. Importantly, patients with an elevated pre-operative E/E' may need more careful peri-and postprocedural management than those patients with E/E' >6.66.
